Since it was demonstrated that bitter peptides were produced from casein by the hydrolytic action of various proteases,1} some workers have reported that hydrolysis of proteins with proteolytic enzymes is usually accompanied by the formation of bitter peptides which make foods unpalatable.2~5) Studies6'7* on the structure-taste relationship of bitter peptides demonstrated that some peptides consisting of hydrophobic amino acids have the bitterness generally and that the substrate specificity of proteases which have strong affinities to hydrophobic amino acids causes the formation of such bitter peptides. Therefore, to suppress the formation of the bitter peptides in the proteolytic digests of proteins, it is useful to obtain the proteases having strong affinities for hydrophilic amino acids. In our preceding paper,8} we reported that Micromonospora melanosporea IFO 12515 secreted two poly(glutamic acid) hydrolases (PGH-I and II) of which PGH-II was purified to an electrophoretically homogeneous state at a yield of 2.3% by ion exchange chromatography followed by isoelectric focusing and gel filtration. This study deals with the enzymatic properties and mode of action of PGH-II, using either poly-Glu or poly-Glu hydrolysate as a substrate.
In the enzyme assay, the reaction was done at 40°C and pH 9.0 with 0.5% poly-Glu (Peptide Institute, Inc., Osaka). After incubation for an appropriate time, the amounts of free aminogroups formed were measured by the method of Yemmand Cocking.9) One unit (U) of the activity was defined as the amount of enzyme liberating 1 /miol of free amino groups per min.
The molecular weight of PGH-II was 32,000 by gel chromatography on Sephadex G-75, using bovine serum albumin, ovalbumin, chymotrypsinogen A, and ribonu-1065 clease A as standard proteins. The isoelectric point of PGH-II was 5.5, using carrier ampholites (pH 3-10, LKB Product AB, Sweden). The enzyme was most active at pH 10.0 and the optimum temperature of the enzyme was 50°C. PGH-II was stable from pH 4.0 to 10.0 at 40°C for 60min of incubation and stable at temperatures below 50°C at pH 9.0 for 15min. In the study of the effects of inhibitors and metal ions, 0.5ml of the enzyme solution (0.5U/ml) was incubated with 0.5ml of each inhibitor at 30°C for 15min, and with 0.5ml of each metal ion at 40°C for 60min in 50mM borate buffer (pH 9.0). As shown in Table I EDTA,trisodium ethylenediamine tetraacetate. To investigate the mode of action of PGH-II on polyGlu, the enzyme (0.5 U) was reacted with 0.5% poly-Glu in 25mM borate buffer (pH 9.0) at 40°C. After an appropriate time of incubation, 0.1 ml of the reaction mixture was measured colorimetrically with ninhydrin reagent. As shown in Fig. 1(A) , this enzyme strongly hydrolyzed poly-Glu in the initial stage of the reaction and then hydrolyzed it gradually. Furthermore, the reaction products were analyzed by high voltage paper electrophoresis (HVPE), using Toyo No. 50 filter paper (60 x 30cm). After the HVPE, reaction products were stained with nihydrin reagent. Figure 1(B) shows that only glutamic acid (Glu) was produced from poly-Glu by PGH-II in all stages of the enzyme reaction. However, the production of oligomers of Glu which maybe intermediates of the reaction wasnot observed in this case.
To investigate the modeof action ofPGH-II, we studied its action on poly-Glu hydrolysate having lower degrees of polymerization than that of poly-Glu. The poly-Glu hydrolysate was prepared from poly-Glu as follows. The poly-Glu was hydrolyzed with 6n HC1 at 110°C for 4hr and then evaporated until the HC1 was completely removed. The degree of hydrolysis of this preparation was about 30%. The enzyme (0.5 U) was added to 0.5% polyGlu hydrolysate in 25 mMborate buffer (pH 9.0). After an appropriate time of incubation at 40°C, the reaction mixtures were assayed by the same methods described above. As shown in Fig. 1(C) , this enzyme reaction sufficiently proceeded far more with poly-Glu hydrolysate as a substrate, compared with poly-Glu ( Fig. 1(A) ). From these results, it can be considered that poly-Glu hydrolysate is a good substrate for PGH-II, compared with poly-Glu having high molecular weight (above 8,000). In addition, spots of oligomers of Glu were observed below 1067 the spot ofGlu-Glu after 30 and 60min of incubation by HVPE( Fig. 1(D) ). The oligomers ofGlu were hydrolyzed for 120min and then Glu and Glu-Glu were produced. Though some studies have reported proteolytic enzymes that catalyze the hydrolysis of peptide bonds on the carboxyl-terminal side or amino-terminal side of Glu, there are rarely found reports relating to the action of enzymes on poly-Glu. Thereofre, it can be considered that this study is the only report which describes the action of an enzyme on poly-Glu and poly-Glu hydrolysate.
At present we are investigating the mechanismof hydrolysis of poly-Glu by PGH-II.
